INTRODUCTION
The redesign of products and production processes is a key aspect in the large-scale economic, social and environmental co-evolution required to substantially enhance living conditions in less developed countries while maintaining the progress already achieved by developed nations [1, 2] .
The most common first step in efforts to reduce environmental impact is the improvement of manufacturing processes, often guided by legislation or environmental standards. Such changes can lead to important achievements in specific indicators such as reductions in energy consumption and gaseous emissions. As a consequence, products designed and produced in a conventional way, with basic changes to the manufacturing process, may be referred to as "green" because they are less harmful to the environment than others. However, this doesn't mean that their production is sustainable. Sustainability is a rich concept that involves several dimensions (such as materials selection and reutilization, emissions, energy and water consumption, social responsibility) and includes the consideration of a product's whole life cycle. Despite the recent misuse of the term sustainability by marketing campaigns, it must be emphasized that a more environmentally-friendly or green product is not necessarily sustainable.
Pointing out reasons why products are not sustainable is typically easier than defining all the attributes that would in fact make a product so [3] . Same may be true for companies. Oftentimes it is not clear which characteristics would distinguish a sustainable organization, or if proposed initiatives or improvements will in fact lead to sustainable solutions, or even which barriers must be overcome in order to reach a sustainable production. The sustainability issue, then, can be thought of as an ill-defined problem [4] .
The problem is similar in a global scale. Human decisions and actions can influence the natural system in a way that is not immediately apparent or initially understood, often leading to serious environmental consequences and hampering the planet's ability to sustain life. Again, it is simpler to explain how our current interaction with the environment is unsustainable than to demonstrate how it could be made fully sustainable [4] . In addition, the concept of sustainability can be understood in a personal way, since it may be partly based on one's own values and assumptions [5] .
To achieve products that can be referred to as sustainable, it is fundamental to promote conceptual changes in the product development process as a whole, encouraging innovative solutions in product design as well as production. Change is not easy, however, and several steps can act as barriers along the way, including for example: technological limitations; the manner production is organized; how distribution, sale and delivery are made; how the product is used and discarded by the consumers; among others. We believe it is paramount for companies to establish ambitious future goals that build on top of current practices and initiatives in order to recognize and deal with such limitations appropriately.
In this context, this study aims to investigate and discuss how a traditional, linear production system could be transitioned into a more sustainable model following strategies based on the cradle to cradle concept [1] , which seeks to close the production and consumption loops. This concept, further described below, is used here as a basis to analyze current sustainable product development initiatives in the footwear industry. This industry has characteristics that are similar to many other sectors (e.g., global reach, large economic and environmental impact, centralized manufacturing, complex supply chain and distribution networks) [6] , and a few companies have developed pioneering efforts to transform their production processes, focusing mainly on product design and starting with the evaluation of the more prominent problems facing their products, each dealing with the particularities associated with individual business models, target audience and market share.
This work describes the cradle to cradle concept and related environmental approaches, presents background information on the evolution and present characteristics of the global footwear industry and discusses some of the main sustainable product development initiatives currently being undertaken.
THE CRADLE TO CRADLE CONCEPT AND RELATED ENVIRONMENTAL APPROACHES
Several currents of thought have enunciated approaches to improve the human-environment relationship. There are similarities and overlapping of concepts among the diverse approaches, but there are important differences relating chiefly to their focus or coverage level. Some approaches involve a rethinking of the organization of society in a systemic manner, ranging from extraction to production processes, consumption habits and social organization, such as industrial ecology [7] , industrial metabolism [8] and the cradle to cradle concept [1] . Certain approaches involve a detailed investigation of the environmental impact of a given production chain or sector, and others focus on identifying improvements that can be made to specific production processes. The latter can be directly applied to current industrial practices and can mark the beginning of gradual environmental improvements, while the more comprehensive approaches can only be achieved through concerted efforts and long-time commitments.
Wide-ranging transformations take advantage of tools and practices developed and implemented within narrower contexts or even improvements made to specific manufacturing processes. In fact, most environmental initiatives have been conducted in this way. The conventional production system, however, despite considerable advances in recent years, still follows a one-way, linear path from cradle to grave. Even considering the possibilities of reutilization, remanufacturing and recycling of some materials, nowadays the vast majority of products still have an ill-solved end-of-life. Materials and manufacturing processes with large environmental impact are commonly employed to create products that will have only one life cycle and generate residues that cannot be reused or easily decomposed.
On the other hand, the cradle to cradle concept, used here as a strategy to guide the design of environmentally sustainable products, is based on the reclamation of the cyclic principle of nature, where byproducts from a given species or activity serve as food to another, since the generation of waste is a characteristic of human processes [1, 2, 9] .
According to McDonough & Braungart [1] products and their components must be designed in a way that, after being used, they can be reused without loss of quality. The reutilization of materials and components involves the definition of the most appropriate cycle: biological or technical. The term metabolism has been used in this context, understood as a process for which a certain resource is used and then returned in a different way. Therefore, the biological metabolism is realized through materials that can be safely and naturally decomposed, while technical metabolism refers to complete reutilization, remanufacturing and, as a last option, recycling (since most materials cannot be recycled indefinitely due to loss of their original properties) [10] . Different industries can also be organized to enable technical metabolism, in a manner that byproducts from one industry can be used as raw material for another, in accordance with the industrial ecology concept [3, 7] .
The importance of technical [1] or industrial [8] metabolisms is highlighted by the fact that in nature the generation (and much less accumulation) of waste is inexistent. Waste generation, therefore, either in production or consumption, is the result of an inadequate design solution [9] that causes problems to society as a whole, especially when the public ends up incurring the costs (in an economic and environmental sense) of the final disposal of waste products. In the conventional cradle to grave logic, the development of products focuses only on end-users, or consumers. However, it should be noticed that there are several other users involved in the whole process, such as those that manufacture, transport, sell and repair products, as well as society at large, which can be considered an indirect user when affected by the production, use and disposal of products. Needless to say, these users are often neglected.
Designing so that technical metabolism can take place demands an effort in the definition phase of the product development that involves several topics related to the implementation of triple bottom line (economic, ecological and social) goals, including selection of proper materials and components, reduced use of water and energy, and social responsibility. In a first moment, it is also necessary to develop a reverse logistics system so that products can return to the manufacturer, and it is essential to design products for disassembly, defining not only how materials and components will be assembled but also taken apart in a way that they can be completely reutilized. The complexity and performance level required of a given product also play an important role in the cradle to cradle design process, and the current reality of globalized production can limit control over manufacturing and pose an additional challenge in this regard.
Materials selection can be a particularly demanding process. In addition to differentiating materials into recycled, renewable, recyclable and compostable (for future technical and biological metabolisms), it is fundamental to evaluate and rule out possible human health and environmental hazards through detailed chemical and toxicity analyses [1] . At the same time, other important variables, such as energy and water consumption and emissions during production and use, must be considered [11] , making this a potentially overwhelming process for a number of design teams.
Regarding the use of water -an increasingly scarce resource in several parts of the world -the sources and volume used from material production to product manufacturing and use, as well as the amount and quality of effluents and their destination, must be monitored as they constitute key information in the sustainable product development process [12] .
Similarly, the sources and amount of energy consumed in the whole production process must be characterized, in order to calculate how much energy is used per unit of product and what share of that energy comes from clean sources. In cradle to cradle design, the ultimate goal is to have 100% of energy coming from renewable sources such as wind, solar, hydro and biomass [12] . In addition to production data, depending on the product the energy consumption required for operating it must be considered, and the possibility of using clean energy during use should be evaluated.
Together with selection, use and reutilization of materials, use of water and energy consumption, social responsibility is one of the key pillars of cradle to cradle design. Designers need to take into consideration the health and wellbeing of workers and communities involved in the production process, the people who will buy and use the product, and those who will be involved in the take-back and reutilization or remanufacturing stages. Users should be well informed and incentivized to help closing the loop by returning the product after its service life to the company (through a product take-back system) or to nature by composting it.
In summary, this requires understanding sustainability in a broad context and thinking about all the users involved in the process. As mentioned earlier, the cradle to cradle concept is used in this study as a benchmark or basis to guide the analysis of ongoing and in some cases early sustainable product development initiatives. Naturally, the concept of mimicking current production systems in the cyclic principle of nature represents a very ambitious long-term goal that must be sought in gradual improvements and advances, but it can be, nevertheless, a useful tool in guiding present and future actions.
Although this study focuses on the footwear industry, described in detail below, the work is not necessarily limited to one industrial sector. Many modern global companies have important characteristics in common, and the theoretical concepts discussed here apply to product development and production processes in general.
THE FOOTWEAR INDUSTRY
The overall goal of the research project under which this study has been developed is to characterize the sustainable product development initiatives currently being carried out in footwear industry, identify their positive aspects and present limitations, and analyze how the product development process could be guided to ultimately achieve sustainable products, produced in a closed-loop, cyclic process, taking into consideration the related biological and/or technical metabolisms. The case studies, described later, aim to analyze how the product development and production processes are carried out in different countries and footwear companies.
The long history of footwear illustrates the evolution of production processes and the organization of labor worldwide. Footwear items satisfy a basic need that is related to the safety and health of individuals, and they have been used for centuries in every human civilization. Modern footwear products have a long and complex list of performance requirements that vary considerably depending on the intended use (e.g. casual, sports, fashion) with considerable variability of materials and conformation. Their design, manufacturing, distribution, use and disposal (or take-back) also add to this complexity.
The earliest environmental concerns related to footwear production, in the United States, date back to the 18th century, when the states of Massachusetts and Connecticut established procedures for waste management and criticized deforestation for the production of tannin [13] , a vegetable product used for leather tanning before the chromium-based process was introduced. Nowadays the main environmental concerns in the footwear industry are related to the processing and use of raw materials and components and to the end-of-life disposal of the products. The use of hazardous materials and chemicals in shoe manufacturing, particularly the use of chromium -a highly toxic element -in addition to toxic solvents and adhesives and non-recyclable synthetic materials can pose serious risks to human health and the environment. The global production of footwear products has jumped from 2.5 billion pairs/year in 1950 to an expected 20 billion pairs in 2010, leading to a present average of about 3 pairs/year for every person on the planet (in America this average reaches nearly 8 pairs/person/year), which illustrates the magnitude of the challenge when dealing with the final disposal of footwear products [14, 15, 16] . The usage phase is typically of less concern in terms of environmental impact, and the product service life can vary considerably depending on the specific type of footwear [15] .
The advent of outsourcing and a globalized marketplace have drastically changed the manner in which design and production are carried out, and introduced new questions and challenges regarding the distance between product design and production teams, new business relations, global supply chains, location of consumer markets and logistics, environmental impact and social responsibility. Nowadays, product development and production are concentrated in a few countries.
Footwear manufacturing, along with textiles and apparel, used to be an important source of jobs in the United States and other presently developed nations [17, 13] , as these are very labor-intensive industries [6] . The manufacturing of footwear products demands a large number of tasks that even today are difficult to automate. Historically, production depended on the availability of skilled labor and access to local consumer markets. Both clothing and footwear factories changed considerably with the introduction of sewing machines, starting in the 1860's, which slashed production costs and dispensed the skills required for hand-made sewing. Such technological advances, coupled with railroad transportation, allowed factories to move away from the larger population centers in search for cheaper production and especially labor costs, a movement that has continued to the present day [13] . Up until the 1960's such dislocations happened mainly within country borders, but starting in the 1970's the globalization of footwear production and commercialization began to gain strength. In the United States, for example, the share of footwear imports went from merely 3% in 1970 to about 99% today [16, 18] .
As we have discussed earlier, footwear products are consumed and used worldwide. However, regarding their development and manufacturing, nowadays countries can be classified basically into three main groups, according to their insertion in the global footwear industry:
• Product developers: countries where companies focus on product design and development, mostly to be manufactured elsewhere where production costs are lower. This is the case of the United States, where many large footwear companies locate their headquarters and product development teams, and Germany, for example.
• Product developers and manufacturers: group that encompasses countries which produce high-quality, highcost shoes for niche markets (e.g. Italy, Spain), and countries that produce footwear products mainly for their internal market and exports, often following international trends (e.g. Brazil, India, Russia). In a smaller scale, may also outsource part of production, and local companies may be sub-contracted to manufacture international designs destined mainly to local markets.
• Manufacturers: countries that focus mainly on footwear manufacturing, typically developed in different parts of the World, destined chiefly for exports. This group accounts for a large share of global production and dominates footwear imports in most other countries. The main example is China, followed by Vietnam and Indonesia.
In large globalized chains of production, environmental problems related to manufacturing, consumption and end-oflife disposal commonly take place in different nations, subject to varying levels of monitoring and control. In this case, there is no uniformity in environmental legislation. In the footwear industry, outsourcing of production transfers some of the main environmental concerns to other countries: the use of hazardous materials and chemicals in raw material processing and shoe manufacturing, energy and water consumption, emissions and effluents, in addition to the disposal residues from the product assembling process and increased transportation costs (environmental as well as economic).
In the face of such environmental challenges and concerns, there has been an increasing focus on the development of environmentally-friendly footwear products in recent years. Large companies have established new sustainable design initiatives and tried to change and adapt their existing structures, while medium and small companies have been created with the goal of producing greener footwear as the basis of their business model.
Therefore, in addition to the classification of countries into developers and/or manufacturers, footwear companies can also be divided into those established years before environmental pressures and demands were a major concern (and that are currently adapting to a new reality), and those typically more recent and smaller companies whose core business relate specifically to developing and marketing more environmentally-friendly products.
Sustainable Product Development Initiatives
The analysis of sustainable product development initiatives presented here is divided into two sections. The first one introduces the American case: a country that went through a major transformation of its footwear industry in the last three decades and that today focuses mainly on product design and development. The examples of a large company (Nike), a medium (Patagonia) and a small company (Simple Shoes) are illustrated. The second section describes the Brazilian case: a country that currently develops and manufactures footwear products, and whose companies are in a crossroads situation between the American and Chinese models -the more wellknown examples of countries that mainly develop or manufacture footwear. Without strategic repositioning, they may face extinction in the global market. The country has only recently begun to outsource some of its manufacturing, but at the same time also sub-contracts production from multinational companies for the internal market. Sustainable design initiatives are not as common as in the American case, and in this study we describe an early initiative conducted by one of the largest footwear companies in Brazil.
Here we aim to summarize the main initiatives currently being developed by the companies, analyze them from a perspective based on the cradle to cradle concept, and identify their current stage of progress in the path to a closed-loop cyclic process, considering the related biological and/or technical metabolisms.
The American Cases
The United States is currently the largest global market for footwear products, with an annual consumption of 2.4 billion pairs -an average of about eight pairs per person per year -and a value of nearly $60 billion [16] . The country is home to some of the largest and most influential footwear companies in the World, and has a strong focus on product design and development, but domestic manufacturing accounts for only 1% of consumption (largely shoes for the military).
Historically, the footwear industry was one of the most important sectors in the country. By the mid-19th century, it was already one of the industries that employed the most workers, and in the late 1940's about 220,000 people worked in footwear manufacturing [13] . Starting in the 1960's, national production was gradually reduced and outsourced to countries with lower labor costs. Nowadays, virtually all footwear products consumed in the U.S. are manufactured elsewhere, with China concentrating about 84% of production [16] .
American footwear companies presently design, develop, market and sell products under their own brand while subcontracting manufacturing abroad. Efforts are directed at innovation and some companies have invested more and more in the development of more environmentally-friendly product lines, partly responding to outside pressures and partly due to a fast-growing market for green products.
As mentioned earlier, there is a key group of large and medium companies that were founded decades ago and that are now undergoing a transition from traditional and wellestablished production practices into the development and introduction of more environmentally-friendly product lines, and another group of smaller companies whose core business rely on the development and marketing of green products. Among the first group, Nike is a prime example. Founded in 1964 (then called Blue Ribbon Sports, BLS) Nike is today the global leader in athletic shoes, with annual revenues exceeding $19 billion. In 2005, the company introduced the Considered product line, a selection of more environmentally-friendly products that has been greatly expanded since then [19] . Among the second group, Simple Shoes is an illustrative case of a small U.S. company. The company began production in 1991 and its reported goal is to make products "100% sustainable" [20] . Naturally, the difference in core business influences both the product design and expected performance in use, in addition to the image associated with the product. Professional running shoes serve a different need than casual day-to-day shoes, for instance. In the case of Nike, the core business is to produce high-performance athletic shoes, and the challenge for the company is to seamlessly integrate sustainability into its product line (and image) without decreasing performance. On the other hand, the list of constraints and requirements is quite different in the case of a company like Simple Shoes, whose primary business is to produce, market and sell casual shoes that are as environmentally-friendly as possible. However, despite such differences, it can be observed that, in a first moment, the sustainable product development initiatives carried out by both companies have important similarities.
As none of the companies own the manufacturing process, they must develop partnerships with suppliers in order to achieve the intended results, starting with a deep understanding of materials flow and the organization of their global supply chain. For that reason, one of the main initiatives has been to analyze the whole production chain from raw material production to product distribution, using tools such as life cycle assessment and mapping the environmental footprint of their products.
The environmental indicators used in this process and reported by the companies are similar to those highlighted in the cradle to cradle design concept, described earlier, including the analysis of material toxicity (restricted substance list) and selection, water use, energy consumption and generation of residues [12] . A version of the Considered Index, a proprietary online tool developed by Nike to predict its environmental footprint and aid product design and development inside the company -taking into consideration key impacts such as solvent use, waste, materials, energy and water, is set to become publicly available in FY2010 through the new Creative Commons-based GreenXchange program [21] . Products whose score is significantly better than the corporate average in this Index are designated Considered by the company [22] . While the tool itself will be shared, the company has not announced yet when or if product scores will be made publicly available. Simple Shoes, on the other hand, while not having a similar design tool, has made available online the complete life-cycle assessment, supply chain analysis and and-of-life evaluation of four of its products [15] . Another example in this regard is the Footprint Chronicles website put together by Patagonia, a medium-sized company founded in 1972 that produces mostly apparel for outdoor activities, which currently lists environmental indicators (energy consumption, distance travelled, CO 2 emissions and waste generated) for 17 apparel items produced by the company, between them 1 shoe [23] .
Most effort in these initiatives has so far been concentrated upstream in the supply chain, particularly in material selection. That happens because in footwear products, as in other cases, materials production and manufacturing typically account for a very large share of the overall environmental impact associated with the products, and challenges remain in how to achieve better environmental performance using only the available nontoxic materials coming from renewable and/or recycled sources.
Despite the looming challenges, however, some significant improvements have been made. The use of water-based adhesives, primers and solvents reduces considerably the toxicity of the product assembling process, and has been hailed as an important advance in recent years, together with the investigation and increased use of green and natural rubbers. Another area that has demanded considerable attention is the tanning of animal skins and hides to make leather, using a chromium-based processes. Aiming to limit environmental impact due to the high toxicity of chromium, footwear companies have collaborated with the BLC Leather Working Group and adopted rigid production, treatment and control practices [24] . The use of natural fibers such as organic cotton, flax, hemp silk, cork, wool and cashmere has also been also highlighted by the footwear companies with environmental initiatives. Among recycled materials, recycled polyester is typically a favored option among the companies, although its use remains relatively small as compared to virgin polyester. The use of both virgin and recycled polyester, however, has been criticized due to the presence of toxic elements, and an alternative so-called Eco-Intelligent Polyester has been proposed [25] .
In addition to LCA studies and specification and use of environmentally-preferred materials, a few interesting solutions have been achieved through design for disassembly. Both Simple Shoes and Patagonia [26] have rolled out products that can be completely and easily taken apart for easy reuse or recycling. However, neither company has a product take-back infrastructure or reverse logistics strategy for footwear products. Nike, on the other hand, does have a footwear recycling program (with facilities in Oregon, USA and Meerhout, Belgium), in which scrap material from manufacturing facilities and old shoes are processed, ground and transformed into raw material for new products and sports surfaces [27] . Shoes are typically cut into three layers (rubber outsole, foam midsole and fiber upper) before grinding, and the facilities accept used shoes from any manufacturer. Since the program inception in 1990, about 25 million pairs have been recycled -still a very small fraction of the overall shoe production (as mentioned earlier, in the US alone about 2.4 billion pairs are consumed each year).
A very recent and promising initiative, pioneered by Simple Shoes, is the development of a biodegradable line of shoes, referred to as Bio-D [28] . This product, still not released, uses biodegradable plastics [29] for the footwear outsole and midsole, which are supposed to break down to dirt in a landfill environment in about 20 years.
Regarding water consumption, companies have sought to map the footprint associated with the whole supply chain, including the water used for production of natural fibers, but none have been able yet to characterize and/or make public the total water consumption per unit of product.
Regarding social responsibility, the three companies illustrated here have established Codes of Conduct that all contracted factories are supposed to adhere to. Nike and Patagonia disclose the list of contracted factories and are also members of the Fair Labor Association (FLA), while Simple Shoes is currently seeking FLA accreditation.
Finally, in spite of outsourcing production, it can be observed that American companies have invested a great deal in design and innovation over the years, and more recently on pioneering sustainable product development initiatives. Several challenges remain to be resolved in order to ultimately close production loops and advance closer to an ideal cradle to cradle concept of production, although long-term goals related to biological and technical metabolisms are already being discussed within product design teams.
The Brazilian Case
In general, the footwear industry in Brazil is characterized by both product development and manufacturing. Historically, the beginning of shoe production in the country, still largely hand-made, dates back to the 19 th century, mainly between 1864 and 1870, and is associated with the immigration of German communities into the state of Rio Grande do Sul. The first shoe factory was founded in 1888 in the same state, which is today the largest footwear producer in the country. Nowadays Brazil has about 7,800 footwear factories that produce 804 million pairs a year, mainly intended for the internal market, employing nearly 294,000 workers. About 166 million pairs/year are exported to some 140 countries (mainly U.S., U.K., Argentina and Italy), while close to 40 million pairs are imported. The average shoe consumption per person is about 3.5 pairs/year [30] .
While the Brazilian footwear industry is still strong, since 2004 it has suffered due to international competition, mainly from China. Within five years, domestic production and exports have decreased about 12%, and employment has shrunk by nearly 10%, while imports increased by 433%. Shoes manufactured in China account for almost 86% of Brazilian imports, followed by Vietnam (8.2%) and Indonesia (2.6%) [30] .
In addition to outsourcing of part of production to China, still in an experimental phase, in the last few years Brazilian footwear companies have moved some of their factories within the country in search of lower labor costs, mainly from the more developed South and Southeast regions (where most companies' headquarters are located) to the Northeast region.
Most Brazilian companies have their own brands and develop and manufacture their footwear products, although several companies also have contracts with foreign companies to manufacture shoes with international brands, mainly for the internal market.
In a sense, it may be said that the Brazilian footwear industry is in a situation similar to that encountered by the American industry in the 1970's, when outsourcing of production started to accelerate and imports began to skyrocket, replacing most of domestic shoe production within about two decades. At the same time, factories in Brazil have been also sub-contracted to manufacture products designed somewhere else (mainly US and Europe), a situation more similar to the current Chinese model. Therefore footwear companies in the country may soon be faced with an important decision, since the current business model may no longer be viable, as illustrated by the rapid changes verified since 2004.
It can be observed, however, that companies seem to be caught in a dormant period, with no significant investments directed at empowering product development teams and fostering innovation, particularly with regards to environmental issues. While companies have significant control over their production and supply chains (basically local), which would make easier the implementation of more environmentallyfriendly practices, there are only very limited initiatives in sustainable product development. Most environmental improvements have been required by legislation and focus primarily on waste management and effluent treatment.
A large footwear company in Brazil (not named here due to a previous agreement) is the only Brazilian sustainable product development initiative that we are aware of. A green product line was launched in 2008, with the main goal of incorporating as much recycled and environmentally-preferred materials as possible. In this case, the shoe produced used organic cotton dyed with natural pigments (eliminating the need for synthetic inks), and a natural fiber called jute (developed in partnership with a local textile research center), in addition to a vegetable "leather" made out of natural latex extracted from a Rubber Trees by local forest communities. The main recycled material used was polyethylene terephthalate (PET) in a fabric that combined 50% virgin polyester and 50% recycled PET fibers recovered from plastic bottles. Based on interviews conducted with the product development team, however, it was verified that no life cycle analyses were conducted to evaluate the environmental impact of the products (green or conventional), and the team had basically no environmental indicators to use as feedback for future designs.
Regarding water consumption, the factories are located in regions with plentiful supply, and the only requirements referred to the need to follow local regulations pertaining to treatment of effluents.
The company investigated did not have an analysis of energy consumption or emissions associated with materials production and manufacturing, however most factories are located in regions supplied mostly by renewable energy (hydro) and therefore benefit from a cleaner electricity matrix.
Companies in general are subject to federal and local labor legislation and controls. The company described herein, in particular, has developed a large social program since 2003, with the creation of an Institute that promotes educational activities linked with sports activities. The project started with a pilot program involving the neighboring community of one of its factories located in the Northeast (a region with lower HDI), and has been continuously enhanced since then.
Unfortunately, based on our last meeting with the product development team, it seems that this more environmentallyfriendly product line was to be discontinued by the company, effectively canceling this high profile and promising initiatives.
FINAL COMMENTS
The cradle to cradle concept can be understood as an umbrella under which several other environmental approaches are represented, and it has been selected here to be used as a benchmark or guide to inform the analysis of sustainable development initiatives being conducted by different footwear companies, in the United States and in Brazil.
Most initiatives do involve the main areas highlighted in the cradle to cradle approach -namely materials use and reutilization, water use, energy consumption and social responsibility -even though companies may follow different strategies to tackle the problems, with varying levels of implementation and results obtained.
Based on an historical analysis and characterization of the global footwear industry, it is clear that it is not possible to evaluate environmental sustainability without taking into consideration the size, structure and core business of the companies. The cases shown here demonstrate that American and Brazilian companies presently have considerably different models of production. While American companies have focused for many years on original product development and outsourced manufacturing, Brazilian companies generally manufacture a mix of their own products and licensed products for the Brazilian market, having focused recently mostly on manufacturing rather than product design and development, perhaps at its own peril due to fierce competition from Chinese manufacturers.
The American companies described here have developed both upstream and downstream efforts to characterize the environmental impact associated with its global supply chain and materials production and manufacturing activities, in addition to investigating product take-back and recycling schemes, employing tools such as life cycle assessment and ecological footprint. Many actions have concentrated on the choice of materials used and in the search for renewable, compostable and recyclable materials, together with end-of-life actions dealing with design for disassembly and product recycling, although key initiatives still have limited reach and should be significantly expanded in the future in order to have a more relevant impact.
The level of constraints that product developers deal with during product design and materials selection can vary considerably depending on the intended use and performance required for a given product, including strength and durability. Such parameters should match actual use requirements to avoid overdesign and unnecessarily increase material consumption.
Product end-of-life issues are crucial barriers to be overcome in the evolution towards a closed-loop and cyclic production. These involve not only material reprocessing techniques but also partnerships with suppliers, interest and availability of companies (to establish take-back networks), and, perhaps primarily, consumer cooperation. End users play a key role because they will determine the end-of-life, as the period between purchase and return after use. Returning apparel items after use for recycling is not a common practice, and take-back initiatives in this area have met only limited success, indicating that an incentives structure could be put in place to encourage consumer participation.
Use of water and energy were parameters highlighted by American companies working on sustainable product development, but have received limited attention in Brazil due to abundant water supply and a relatively clean energy matrix (most electricity comes from hydro power).
With regards to social responsibility, the historical analysis of the footwear industry shows that the sector, similar to others, has continuously moved in search of cheaper labor costs. However, nowadays companies have adopted more and more rigorous codes of conduct that guide their relationship with contracted factories, but success may depend basically on their ability to supervise working conditions.
Finally, based on the study of the American and Brazilian cases and of related sustainable product development initiatives on both countries from a perspective based on the cradle to cradle concept, it is clear that while notable initiatives have been developed in recent years, especially by American companies, with significant efforts conducted on all key areas of impact, there is still a long way to go before footwear products can be considered truly sustainable.
FUTURE WORK
This article presents an overview of an ongoing research project that uses the cradle to cradle concept as a benchmark to study environmentally friendly initiatives in the footwear industry. Future work includes the analysis of specific products that have been designed according to sustainability criteria by some of the companies mentioned in this article, and which illustrate current best practices and the state-of-the-art in this field. The analysis is based on the five key areas discussed here (materials, materials reutilization, water use, energy consumption and social responsibility), and also takes into account particularities related to company core business, footwear performance and intended product use.
In addition to footwear products, we also plan to develop future studies that include the investigation of other products and systems that have sought to achieve sustainable production.
